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Cytochrome bd is a prokaryotic respiratory quinol oxidase
identiﬁed in a number of pathogens, that is preferentially expressed
under low O2 tension or other “stress” conditions [1]. The enzyme
couples the exergonic reduction of O2 to 2 H2O to proton motive force
generation by transmembrane charge separation. Apart from its role
in cell bioenergetics, evidence suggests that cytochrome bd accom-
plishes a number of additional functions of physiological relevance
for the bacterial cell, being seemingly implicated also in microbial
resistance to NO-stress (reviewed in [2]) and, in general, adaptation
to the hostile conditions created by host immunity during the
infection process.
Cytochrome bd from Escherichia coli contains three hemes, hemes
b558 and b595 and heme d, where O2 chemistry takes place through
sequential formation of a few catalytic intermediates. Here, the
isolated cytochrome bd was investigated by stopped-ﬂow multi-
wavelength absorption spectroscopy with the aim of measuring the
occupancy of the catalytic intermediates at steady-state. We found
that, under turnover conditions sustained by dithiothreitol-reduced
ubiquinone and O2, the ferryl and oxy-ferrous species are the mostly
populated catalytic intermediates, with a minor fraction of the
enzyme containing ferric heme d and possibly reduced heme b558
[3]. These new ﬁndings differ from those obtained with mammalian
cytochrome c oxidase [4], where oxygen intermediates were not
found to be populated at detectable levels under similar conditions.
The results are discussed in the light of previously proposed models
of the cytochrome bd catalytic cycle.
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The heme-copper oxidases are redox driven proton pumps. These
enzymes catalyze the reduction of O2 to water and use the free energy
of this reaction to generate a proton motive force. In this work we
investigate the location of the proton loading site and exit pathway
for pumped protons in the ba3-type oxygen reductase from Thermus
thermophilus. Previous studies suggested that one or both of the
propionates of heme a3 and residues in their vicinity may be
important for these functions, and this was investigated by site
directed mutagenesis. The data show that none of the amino acid
residues near these propionates is essential for proton pumping or
oxidase activity, including several residues previously postulated to
be important: D372, H376 and E126II (in subunit II) and Y133.
However, two mutants, D372I and H376N, exhibit high catalytic
turnover and normal spectral features but do not pump protons or do
so with noticeably diminished stoichiometry. It is concluded that the
proton loading site might be either propionate-A of heme a3 or a
cluster of groups centered about a conserved water molecule that is
hydrogen bonded to both of the heme a3 propionates as well as to one
of the histidine ligands to CuB.
References
[1] H.Y. Chang, Proc. Natl. Acad. Sci. U. S. A. 109 (2012) 5259–5264.
[2] H.Y. Chang, Proc. Natl. Acad. Sci. U. S. A. 106 (2009) 16169–16173.
doi:10.1016/j.bbabio.2012.06.286
14P8
Rescue of complex IV biogenesis by the cytosol-synthesized
subunit II (Cox2) precursor carrying the point mutation W56R
Valentín Cruz-Torres1, Miriam Vázquez-Acevedo1,
Rodolfo García-Villegas1, Xochitl Pérez-Martínez1,
Guillermo Mendoza-Hernández2, Diego González-Halphen1
1Instituto de Fisiología Celular, Universidad Nacional Autónoma deMéxico,
México D.F., Mexico
2Depto. Bioquímica, Facultad de Medicina, Universidad Nacional Autónoma
de México, México D.F., Mexico
E-mail: dhalphen@ifc.unam.mx
Cytochrome c oxidase (complex IV or CcO) catalyzes oxygen
reduction coupled to proton pumping. It is composed of 10–13
subunits and its biogenesis involves both mitochondrion- and
nucleus-encoded polypeptides [1]. In yeast, as in the vast majority
of eukaryotes, the three largest subunits of Cco are encoded in the
mitochondrial genes COX1, COX2 and COX3. Deletion of the yeast
COX2 gene results in loss of respiration (Δcox2 strain). Supekova
et al. [2] were able to restore growth of a Δcox2 mutant in non-
fermentable carbon sources after transformation with a vector
expressing Cox2 with a mitochondrial targeting sequence and the
point mutationW56R (Cox2W56R). In this work, the CcO carrying the
allotopically-expressed Cox2W56R was studied. Isolated yeast mito-
chondria from the wild-type (WT) and the Δcox2+Cox2W56R
strains were solubilized and subjected to Blue Native electrophoresis.
In-gel activity of CcO and spectroscopic quantitation of cytochromes
revealed that only 40% of complex IV is present in the complemented
strain as compared to the wild-type strain. CcOs from the WT and the
rescued mutant exhibited similar subunit composition, although
activity was 20–25% lower in the enzyme containing Cox2W56R than
in the one containing native Cox2 (Cox2WT). Tandem mass
spectrometry conﬁrmed that W56 was substituted by R56 in
Cox2W56R. In addition, as judged by Edman degradation, Cox2W56R
exhibited the same N-terminus than Cox2WT, indicating that both
the MTS of Oxa1 and the leader sequence of 15 residues were
removed from Cox2W56R during maturation. Thus, Cox2W56R is
identical to Cox2WT except for the point mutation W56R. Mitochon-
drial Cox1 synthesis is strongly reduced in Δcox2 mutants, but the
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Cox2W56R complemented strain led to full restoration of Cox1
synthesis. We conclude that the cytosol-synthesized Cox2W56R
follows a rate-limiting process of import, maturation or assembly that
yields lower steady-state levels of complex IV. Still, the allotopically-
expressed Cox2W56R restores CcO activity and allows mitochondrial
Cox1 synthesis to advance at WT levels.
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Cytochrome c oxidase is the key enzyme of mitochondrial and
some bacterial respiratory chains. As a redox enzyme, cytochrome
oxidase has several redox components, namely, hemes a and a3 and
copper centers CuA and CuB. Intermediates of the working cycle can
differ in the redox state of these centers. So the important task is to
characterize the redox centers in different intermediates of the
enzyme. During the peroxidase phase of the working cycle, after the
heterolytic OO bond cleavage, a ferryl (Fe4+) intermediate is formed,
containing an organic radical at the active site, which is presumably
represented by neutral tyrosyl radical (complex FI). After that the
next electron reduces this complex to the ferryl intermediate which
contain no amino acid radical at the active site (complex FII).
Complex FI was obtained by bubbling oxidized enzyme with CO
under aerobic conditions, complex FII was obtained by adding access
amount of hydrogen peroxide to the oxidized enzyme. The absorption
spectra of the two complexes clearly differ in the visible region, but in
the Soret region the difference is not so distinct because of wide
absorption bands. Circular dichroism (CD) spectra in the Soret region
revealed narrow bands for these ferryl complexes and the distinct
difference between them. However, it is difﬁcult to interpret the
spectra without theoretical considerations. To solve this task, we
suggest a model [1] based on the DeVoe's theory of classical dipole
oscillators. With this model in hand, we are able to simulate the
spectra of oxidized and reduced states of cytochrome oxidase, and
also the spectrum of complex FII, according to the 3D structure of the
enzyme and the redox state of the hemes and nearby amino acid
radicals. Our model have shown that the changing of optical
properties of Tyr244 (bovine notation), simulating the transition to
the radical state, affects the shape of the calculated CD spectra in a
manner similar to the difference between spectra of complexes FI and FII.
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The cytochrome c oxidase Cox2 has been puriﬁed from native
membranes of the hyperthermophilic eubacterium Aquifex aeolicus. It
is a cytochrome ba3 oxidase belonging to the family B of the heme-
copper containing terminal oxidases. It consists of three subunits,
subunit I (CoxA2, 63.9 kDa), subunit II (CoxB2, 16.8 kDa), and an
additional subunit IIa of 5.2 kDa. Surprisingly it is able to oxidize both
reduced cytochrome c and ubiquinol in a cyanide sensitive manner.
Cox2 is part of a respiratory chain supercomplex. This supercomplex
contains the fully assembled cytochrome bc1 complex and Cox2.
Although direct ubiquinol oxidation by Cox2 conserves less energy
than ubiquinol oxidation by the cytochrome bc1 complex followed by
cytochrome c oxidation by a cytochrome c oxidase, ubiquinol
oxidation by Cox2 is of advantage when all ubiquinone would be
completely reduced to ubiquinol, e.g., by the sulﬁde:quinone
oxidoreductase, because the cytochrome bc1 complex requires the
presence of ubiquinone to function according to the Q-cycle
mechanism. In the case that all ubiquinone has been reduced to
ubiquinol its reoxidation by Cox2 will enable the cytochrome bc1
complex to resume working.
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The heme-copper oxidoreductase superfamily is extremely diverse
with members playing crucial roles in both aerobic and anaerobic
respiration. The superfamily is currently divided into two classes: the
oxygen reductases and the nitric oxide reductases. The oxygen
reductase members of the superfamily are terminal oxidases in the
aerobic respiratory chains of mitochondria and many Archaea and
Bacteria. These enzymes catalyze the reduction of molecular oxygen to
water with the concomitant transfer of protons across the membrane,
contributing to the generation of a proton electrochemical gradient that
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